A symmetric theory of collisions B. G. Giraud Abstract. 2014 Instead of the usual transition operators T03B203B1, whose definitions change when the partitions corresponding to 03B1 and/or 03B2 change, it is possible to define a unique T-operator. The physical transition amplitudes are then recovered as residues of poles of specific matrix elements of the T-operator. Problems raised by the centre-ofmass motion, the Pauli principe and the post-prior alternative are simplified by the symmetry of the T-operator. The theory can be related to a variational principle in order to allow for practical calculations of the matrix elements of the T-operator.
J. Physique 41 (1980) 477 of their respective channels at the on-shell energy E. Then Tpa. reduces [2] to which appears more symmetric, although a little confusing.
It is tempting to consider the global T-operator T = V + VG(+)V , where only the total interaction appears. Such an operator is defined without the need of any preliminary channel specification, and it is felt that it may contain all the information relevant to the various transition operators Tpa.. It has indeed been shown by Weinberg [3] that the calculation of the total Green's function G(+) yields a complete solution of the many-body problem and it is seen that the information contained in T should be as complete as that given by G.
It should be pointed out that the point raised in the preceding paragraph has been considered in great detail by Lehmann, Symanzik and Zimmermann [4] (LSZ) in the description of interacting fields. Nonrelativistic versions of the LSZ formulae have been discussed by Redmond and Uretsky [5] and Ballot and Becker [6] . A many particle scattering in second quantized representation has been derived by Villars [7] .
In the particular case of the three-body problem, the singularities of the global T-operator have been discussed by Fadeev [8] and by Osborn and Kowalski [9] . The effect of exchange has been discussed by Bencze and Redish [10] .
In this paper, our purpose is to show that the global T-operator provides a complete theory of collisions. In section 2, we discuss the symmetry properties of the global T-operator. We also define the antisymmetrized matrix elements of this T-operator in the barycentric frame. The vertex functions are defined in section 3 for the various subsystems which can form bound states. The relation between the global T-operator and the channel T-operators is discussed in section 4. We rederive in section 5, with a new approach, the familiar result that the matrix elements of the channel T-operator are residues of the matrix elements of the global T-operator. The nature of the residues and the method of their evaluation are discussed in section 6. This is illustrated in section 7, by a specific example. In section 8, we present a variational formalism for the elements of the global T- operator. The In the same way for the channel fl we give labels 1 to B' to nucleons inside nucleus B' and labels (B' + 1) to N to nucleons inside B" and we obtain the post potential Vp and internal potential Up.
A straightforward but slightly tedious manipulation of eq. (2.3) gives the two potential identity [11] where It may be pointed out that, while the limit of eq. (4.1) If now we consider in channel fl a permutation X difi'erent from the identity (1), let 11 be the label of the particle replacing particle l, i2 that of the particle replacing particle 2 and so on. Assigning i 1 A risk of wrong identification of the residue occurs also in relation with three-body channels. Let y be such a channel, characterized by nuclei C', C" and C"' and the corresponding quantum numbers n', n", n"', with the self-energy En = Ec,' + Ec,,' + Efil?' . Any partition {i} of nucleons 1 ... N between C', C", C"' defines internal Jacobi momenta Kc,, i-cc,,, KC"' and channel relative momenta kc'c" and kc,,c,,,. It is trivial to check that, for a set of momenta k' ... kN which makes kp on-shell, the momenta kc'c" and k',,c,,, will in general not correspond to the situation where the three-body channel y is on-shell. The residue in the right-hand side of eq. (5.5) has therefore no contribution from an identity such as the generalization of eq. (4. 3) to three-body channels. The same argument and conclusion hold for channels 6 with more than three bodies. More details can be found in the illustrative example of section 7.
To summarize this argument the singularity of T(k', k), when this part of the global T-matrix element is made on-shell according to the limit used in eq. (5. 5), is restricted in general to that transition Tpa described by eq. (5.5). The Furthermore we take great care that T should contain no contribution from disconnected graphs. For that purpose, k and k' are chosen so that any ki is never equal to any kJ, nor any sum (k. + kk) to any sum (kj + k'l) and so on. This is again always possible, and compatible with off-shell conditions.
In order to evaluate T(k', k) for complex values of k', k one may think first of evaluations for real values of these vectors, followed by an analytic continuation. It is interesting to point out that, when W is complex, all the real values of k, and k' are off-shell since the conditions such as eqs. (7. 3) to (7.5) are polynomials with real coefficients except W.
For real values of k we thus consider the wavepacket where I p &#x3E; = p1 ... PN &#x3E; is a ket like that defined by eq. (2.5) with real momenta p and the weight function r, of finite extension L1, is suitably normalized by the proper coefficient À(L1). It is clear that the wave-packet I kA &#x3E; will induce an average of purely off-shell situations around k. The finite extension L1 is chosen to prevent any dangerous, unconnected contribution to creep in through the wave-packets.
The matrix element of the global T-operator is then an average of purely off-shell matrix elements.
The global off-shell T-operator T(W), with W complex, is a priori regular for all off-shell momenta, in a neighbourhood of (k', k). 
